What was known before {#section21-2054358119892372}
=====================

Atrial fibrillation (AF) is a well-recognized risk factor for stroke in patients with chronic kidney disease (CKD); however, the stroke risk associated with combinations of estimated glomerular filtration rate (eGFR) and albumin-to-creatinine ratio (ACR) both with and without AF is less clear.

What this adds {#section22-2054358119892372}
==============

In this population-based administrative data study, a lower eGFR and a higher ACR were associated with a higher risk of stroke. The presence of AF conferred a roughly 2-fold higher risk of stroke across all eGFR and ACR categories.

Background {#section23-2054358119892372}
==========

Chronic kidney disease (CKD) is defined as a reduction in glomerular filtration rate and/or proteinuria routinely measured by the albumin-to-creatinine ratio (ACR) and has a prevalence of 10% to 15% globally.^[@bibr1-2054358119892372],[@bibr2-2054358119892372]^ Multiple cardiovascular diseases, including coronary artery disease, peripheral vascular disease, and stroke, are associated with CKD.^[@bibr3-2054358119892372],[@bibr4-2054358119892372]^ Atrial fibrillation (AF) is associated with an increased risk of stroke and is a common arrhythmia found in patients with CKD (event rate estimates range from 19 to 63 per 1000 person-years).^[@bibr5-2054358119892372][@bibr6-2054358119892372]-[@bibr7-2054358119892372]^

The association of AF and stroke in patients with advanced CKD presents a problematic clinical situation as there is limited evidence regarding the optimal role of anticoagulation for stroke prevention.^[@bibr8-2054358119892372][@bibr9-2054358119892372][@bibr10-2054358119892372][@bibr11-2054358119892372][@bibr12-2054358119892372]-[@bibr13-2054358119892372]^ Coupled with a high hemorrhage risk in patients with CKD and a high competing risk of mortality, understanding the true risk of stroke in this population is of increased importance.^[@bibr14-2054358119892372][@bibr15-2054358119892372]-[@bibr16-2054358119892372]^

The complex interactions between CKD, AF, and stroke have made it difficult to establish a clear understanding of how AF increases the risk of stroke in patients with CKD. The 2016 Kidney Disease Improved Global Outcomes (KDIGO) consensus conference on arrhythmias and CKD identified the need for further research characterizing the risk of AF-associated stroke in CKD across the spectrum of estimated glomerular filtration rate (eGFR) and albuminuria.^[@bibr17-2054358119892372]^ Thus, we assessed the stroke risk by CKD stage in patients with and without AF, accounting for the competing risk of death. We hypothesized that both CKD stage and the presence of AF would significantly alter the risk of stroke.

Methods {#section24-2054358119892372}
=======

Design and Setting {#section25-2054358119892372}
------------------

We conducted a retrospective cohort study in Ontario, Canada using health care databases at the Institute for Clinical Evaluative Sciences (ICES). This study was conducted using a prespecified protocol and reporting of the results adheres to the Reporting of Studies Conducted Using Observational Routinely-Collected Health Data (RECORD) guidelines ([Supplementary Table 1](https://journals.sagepub.com/doi/suppl/10.1177/2054358119892372)).^[@bibr18-2054358119892372]^ The use of data in this project was authorized under section 45 of Ontario's Personal Health Information Protection Act, which does not require review by a research ethics board.

Data Sources {#section26-2054358119892372}
------------

We ascertained patient characteristics, laboratory data, and outcome data from linked administrative databases. The Gamma-Dynacare database was used to obtain outpatient serum creatinine and ACR laboratory data. Gamma-Dynacare is a laboratory service provider that contains outpatient lab information for individuals who had blood work drawn at any of their 225 collection sites in Ontario. Demographics and vital status information were obtained from the Ontario Registered Persons Database. Diagnostic and procedural information from all hospitalizations was determined using the Canadian Institute for Health Information Discharge Abstract Database (CIHI-DAD). The CIHI National Ambulatory Care Reporting System (CIHI-NACRS) database contains diagnostic information from all emergency department (ED) visits. Information was also obtained from the Ontario Health Insurance Plan (OHIP) database, which contains all health claims for inpatient and outpatient physician services. We identified patients with a history of kidney transplant or dialysis therapies (exclusion criteria) using the Canadian Organ Replacement Register. These datasets were linked using unique encoded identifiers and analyzed at ICES. Whenever possible, we defined patient characteristics and outcomes using validated codes ([Supplementary Table 2](https://journals.sagepub.com/doi/suppl/10.1177/2054358119892372)).

Study Cohorts {#section27-2054358119892372}
-------------

The study cohort was accrued from April 1, 2002 to March 31, 2012 (see [Supplementary Figure 1](https://journals.sagepub.com/doi/suppl/10.1177/2054358119892372)). To be included, patients had to have 1 outpatient measure of urine ACR test and a serum creatinine measurement within 12 months of each other. For each patient, the date of the first eligible incident AF diagnosis was taken as the index date. We excluded patients \<40 years of age due to the small sample size of younger individuals and those with a history of kidney transplantation, dialysis, or stroke before their index date.

Exposure and Outcomes {#section28-2054358119892372}
---------------------

Incident AF was defined by a single International Classification of Diseases (ICD) or billing code on first diagnosis during hospitalization, ED visit, or ambulatory care visit. The diagnosis of AF using ICD, OHIP, and NACRS has been previously validated with specificity and sensitivity \>90%.^[@bibr19-2054358119892372]^ To mimic a randomization process, unexposed individuals without AF were assigned an index date based on the distribution of the index dates in the AF group such that there were no differences between the two. We further examined the effects of ACR and eGFR as continuous and categorical variables (ACR in mg/g: \<3, 3-30, \>30, and eGFR in mL/min/1.73 m^2^: \>90, 60-90, 45-59, 30-44, \<30). A validation study of outpatient serum creatinine values found that most of the patients with a low eGFR had a similar or lower eGFR on repeat testing at least 30 days later.^[@bibr20-2054358119892372]^ We used the Chronic Kidney Disease Epidemiology Collaboration equation to calculate eGFR.^[@bibr21-2054358119892372]^ The study outcomes were any incident stroke or subgroups of stroke type (ischemic or hemorrhagic). Ischemic stroke included transient ischemic events. Hemorrhagic strokes included intracranial or subarachnoid events. Hospitalization encounters with ischemic stroke and hemorrhagic events were identified using validated ICD codes, in CIHI-DAD and NACRS ([Supplementary Table 2](https://journals.sagepub.com/doi/suppl/10.1177/2054358119892372)).^[@bibr22-2054358119892372]^

Statistical Analysis {#section29-2054358119892372}
--------------------

Patients were followed from their index date until the outcome of interest, death, end-stage renal disease (defined as dialysis or kidney transplantation), or end of the study period (March 31, 2015). Known demographics and comorbid risk factors for stroke and stroke type were captured at the index date. We used standardized differences to compare baseline characteristics by AF status. Continuous variables are reported as medians (interquartile ranges \[IQRs\]) and categorical variables as numbers and percentages. Standardized differences describe differences between group means relative to the pooled standard deviation and are less sensitive to large sample sizes than traditional hypothesis testing.^[@bibr23-2054358119892372]^ A difference \> 10% is considered significant. We calculated the incidence rate using the cumulative incidence function for any stroke and stroke subtypes. We used propensity score matching followed by Fine and Grey subdistribution hazards model to examine the association of AF exposure and our outcomes.^[@bibr24-2054358119892372]^ The following variables were included in the propensity score model: year of ACR, time from ACR to index date, sex (male referent), income quintile (lowest quintile referent), location (rural vs urban), and comorbidities at baseline (diabetes mellitus, hypertension, myocardial infarction, congestive heart failure, major hemorrhage, coronary artery disease, coronary revascularization, peripheral artery disease, peripheral vascular disease, and chronic obstructive pulmonary disease). Individuals with AF were greedy matched 1:1 without replacement to non-AF individuals on the logit of the propensity score (±0.05), eGFR and ACR category. Fine and Grey models account for the competing risk of death and are especially useful in CKD studies where death is a common competing event.^[@bibr25-2054358119892372],[@bibr26-2054358119892372]^ We estimated the subdistribution hazard ratio (sHR) using regression modeling of the cumulative incidence function. To assess whether the stroke risk differed by the presence of AF and kidney function, a multiplicative interaction for AF × eGFR/ACR was examined. In this model, we created categories of all possible combinations (30 in total) of eGFR (\>90, 60-90, 45-59, 30-44, \<30), ACR (\<3, 3-30, \>30), and AF (present/absent). We conducted all analyses with SAS software, version 9.4 (SAS Institute, Cary, NC, USA). Two-sided *P* values \< .05 were treated as statistically significant.

Results {#section30-2054358119892372}
=======

Baseline Characteristics {#section31-2054358119892372}
------------------------

From a total cohort of 736 666 eligible patients from Ontario, Canada from 2002 to 2015, we identified 41 049 (5.6%) patients who developed incident AF from which 39 120 (95.3%) were matched 1:1 with individuals without AF.

There were no statistical differences between those with and without AF after matching ([Table 1](#table1-2054358119892372){ref-type="table"}). The average age was 74.9 (±10.6) years and 55.4% were male. The mean eGFR was 70.8 ± 20.7 mL/min/1.73 m^2^ and the median (IQR) ACR of 2 mg/g (1-5). Comorbid conditions were common among those with AF, with 27.5% having congestive heart failure, 42.1% having coronary artery disease, 60.6% having diabetes mellitus, and 82.1% having hypertension. This compared to those without AF in whom 25.6% had congestive heart failure, 42.0% had coronary artery disease, 62.2% had diabetes mellitus, and 83.4% had hypertension.

###### 

Baseline Characteristics of the Study Cohort by Atrial Fibrillation Status Among Propensity Score--Matched Patients.

![](10.1177_2054358119892372-table1)

  Characteristics                                                      Total cohort (N = 78 240)   Atrial fibrillation (N = 39 120)   No atrial fibrillation (N = 39 120)
  -------------------------------------------------------------------- --------------------------- ---------------------------------- -------------------------------------
  Age (mean, SD)                                                       74.9 (10.6)                 74.6 (10.5)                        75.1 (10.6)
  Men, n (%)                                                           43 322 (55.4)               21 646 (55.3)                      21 676 (55.4)
  Income quintile, n (%)                                                                                                              
   1 (low)                                                             15 725 (20.1)               7802 (19.9)                        7923 (20.3)
   2                                                                   17 149 (21.9)               8578 (21.9)                        8571 (21.9)
   3                                                                   15 988 (20.4)               8016 (20.5)                        7972 (20.4)
   4                                                                   15 068 (19.3)               7570 (19.4)                        7498 (19.2)
   5 (high)                                                            14 310 (18.3)               7154 (18.3)                        7156 (18.3)
  Urban residence, n (%)                                               70 415 (90.0)               35 187 (89.9)                      35 228 (90.1)
  Albumin-to-creatinine ratio (mg/g), median, (interquartile range)    1 (1-5)                     2 (1-5)                            2 (1-5)
   \<3                                                                 51 482 (65.8%)              25 741 (65.8%)                     25 741 (65.8%)
   3-30                                                                21 460 (27.4%)              10 730 (27.4%)                     10 730 (27.4%)
   \>30                                                                5298 (6.8%)                 2649 (6.8%)                        2649 (6.8%)
  Estimated glomerular filtration rate (mL/min/1.73 m^2^), mean (SD)   70.8 (20.7)                 70.8 (20.8)                        70.9 (20.6)
   \>90                                                                15 180 (19.4%)              7590 (19.4%)                       7590 (19.4%)
   60-90                                                               39 320 (50.3%)              19 660 (50.3%)                     19 660 (50.3%)
   45-59                                                               13 658 (17.5%)              6829 (17.5%)                       6829 (17.5%)
   31-44                                                               7696 (9.8%)                 3848 (9.8%)                        3848 (9.8%)
   ≤30                                                                 2386 (3.0%)                 1193 (3.0%)                        1193 (3.0%)
  Comorbidities, n (%)                                                                                                                
   Congestive heart failure                                            20 770 (26.5)               10 746 (27.5)                      10 024 (25.6)
   Major hemorrhage                                                    4738 (6.1)                  2403 (6.1)                         2335 (6.0)
   Myocardial infarction                                               4241 (5.4)                  2123 (5.4)                         2118 (5.4)
   Coronary artery disease                                             32 884 (42.0)               16 469 (42.1)                      16 415 (42.0)
   Peripheral vascular disease                                         1812 (2.3)                  894 (2.3)                          918 (2.3)
   Coronary artery bypass grafting                                     1359 (1.7)                  665 (1.7)                          694 (1.8)
   Chronic obstructive pulmonary disease                               4311 (5.5)                  2186 (5.6)                         2125 (5.4)
   Diabetes mellitus                                                   48 078 (61.4)               23 726 (60.6)                      24 352 (62.2)
   Hypertension                                                        64 725 (82.7)               32 112 (82.1)                      32 613 (83.4)

*Note.* All standardized differences were less than 10% between matched pairs (atrial fibrillation vs no atrial fibrillation) for all covariates listed.

Association of AF With Stroke {#section32-2054358119892372}
-----------------------------

A stroke event occurred in 5.2% (4086) of the study cohort (3519 ischemic \[86%\], 679 hemorrhagic \[14%\]) ([Table 2](#table2-2054358119892372){ref-type="table"}) with a median (IQR) time to event of 4 (2-6) years from the first AF diagnosis. A stroke event was more common among those with AF (7.0% with AF, crude rate: 13.5, 95% confidence interval \[CI\]: 11.3-15.9, vs 3.4% without AF, crude rate: 8.6, 95% CI: 6.5-11.0). The median (IQR) time to stroke was 4 (1-6) years in patients with AF compared with 5 (3-7) years in those without AF. During the follow-up period, the total events of death and dialysis were 21 120 (27.0%) (AF---13 676 \[35.0%\], no AF---7444 \[19.0%\]) and 2888 (3.7%) (AF---1974 \[5.0%\], no AF---914 \[2.3%\]), respectively. Among those with AF, the sHRs for any stroke event, ischemic stroke, and hemorrhagic stroke were similar at 2.12 (95% CI: 1.98-2.26), 2.14 (95% CI: 1.99-2.30), and 2.01 (95% CI: 1.70-2.37), respectively, compared with those without AF.

###### 

Crude Counts, Event Rates With 95% CIs, and Type of Stroke Events by Atrial Fibrillation Status.

![](10.1177_2054358119892372-table2)

                       Atrial fibrillation   No atrial fibrillation                                                       
  -------------------- --------------------- ------------------------ ------------------ ------------- ------------------ -----
  All stroke events    2665 (6.80)           13.5 (11.27-15.93)       2.12 (1.98-2.26)   1316 (3.36)   8.6 (6.54-10.99)   Ref
  Ischemic stroke      2259 (5.77)           11.04 (8.91-13.42)       2.14 (1.99-2.30)   1104 (2.82)   4.38 (4.01-4.78)   Ref
  Hemorrhagic stroke   406 (1.04)            2.93 (1.95-4.21)         2.01 (1.70-2.37)   212 (0.54)    1.81 (0.83-3.49)   Ref

*Note.* CI = confidence interval; sHR = subdistribution hazard ratio.

Association of eGFR, AF, and Stroke {#section33-2054358119892372}
-----------------------------------

The stroke risk was consistent and approximately 2-fold higher within eGFR categories when comparing patients with and without AF ([Supplementary Table 3](https://journals.sagepub.com/doi/suppl/10.1177/2054358119892372)). The relative risk was highest among those with eGFR of 60 to 90 mL/min/1.73 m^2^ (sHR: 2.26, 95% CI: 2.06-2.48) and lowest for eGFR \< 30 mL/min/1.73 m^2^ (sHR: 1.38, 95% CI: 0.99-1.92). The absolute risk and number of events for stroke with AF were 7% (n = 1367) and 6.3% (n = 75) for eGFR of 60 to 90 mL/min/1.73 m^2^ and eGFR \< 30 mL/min/1.73 m^2^, respectively. For those without AF, the absolute risk and number of events for stroke were 3.2% (n = 623) and 4.8% (n = 57) for the eGFR values of 60 to 90 and \<30.

Association of Albuminuria, AF, and Stroke {#section34-2054358119892372}
------------------------------------------

The stroke risk was consistently higher among those with AF compared with those without AF. The absolute stroke risk was higher at higher ACR levels among patients with and without AF (ACR \< 3 mg/g: AF---6.1% and no AF---2.9%; ACR = 3-30 mg/g: AF---8.2% and no AF---4.1%; ACR \> 30 mg/g: AF---8.0% and no AF---5.4%). However, the relative stroke risk was higher with lower levels of ACR categories compared with no AF (ACR \< 3 mg/g: sHR = 2.23, 95% CI = 2.04-2.43; ACR = 3-30 mg/g: sHR = 2.09, 95% CI = 1.86-2.35; ACR \> 30 mg/g: sHR = 1.61, 95% CI = 1.31-1.99) ([Supplementary Table 4](https://journals.sagepub.com/doi/suppl/10.1177/2054358119892372)).

Association of eGFR, Albuminuria, AF, and Stroke {#section35-2054358119892372}
------------------------------------------------

The combined relative risk of stroke by eGFR, ACR, and AF status is presented in [Table 3](#table3-2054358119892372){ref-type="table"} and [Supplementary Table 5](https://journals.sagepub.com/doi/suppl/10.1177/2054358119892372). The stroke risk differed significantly by the presence of AF and combined categories of eGFR/ACR (*P* = .04). Compared with an eGFR \> 90 mL/min/1.73 m^2^/ACR \< 3 mg/g and no AF, there was at least a 2-fold increase in the risk of stroke with AF. The stroke risk was consistently higher in patients with a lower eGFR level with and without AF. Among those with AF, the stroke risk increases in parallel as the ACR increases (except for eGFR \> 90 mL/min/1.73 m^2^ and eGFR \< 30 mL/min/1.73 m^2^), whereas in those without AF the stroke risk increases as ACR increases in all eGFR categories. For high levels of albuminuria and normal kidney function, the stroke risk was similar for those with and without AF (sHR = 3.80 for both). The risk of stroke was 4.4-fold higher for those with a combination of an elevated ACR/lower eGFR with AF and 3-fold higher for those without AF.

###### 

The Hazard Ratio for Stroke by Atrial Fibrillation Status, eGFR and ACR Levels With eGFR \> 90/ACR \< 3 and Absence of Atrial Fibrillation as Referent.
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  eGFR/ACR   ACR \< 3           ACR = 3-30         ACR \> 30                                                
  ---------- ------------------ ------------------ ------------------ ------------------ ------------------ ------------------
  \>90       Ref                2.23 (1.78-2.79)   1.48 (1.06-2.06)   3.90 (3.02-5.04)   3.80 (2.52-5.72)   3.80 (2.47-5.83)
  60-90      1.38 (1.12-1.71)   3.36 (2.76-4.11)   2.18 (1.73-2.74)   4.51 (3.65-5.56)   2.65 (1.88-3.72)   4.93 (3.70-6.58)
  45-59      1.94 (1.53-2.49)   3.83 (3.07-4.77)   2.26 (1.71-2.99)   4.77 (3.76-6.05)   2.99 (2.02-4.43)   4.93 (3.52-6.91)
  31-44      2.06 (1.55-2.75)   4.10 (3.20-5.24)   2.22 (1.61-3.06)   4.51 (3.45-5.88)   2.53 (1.60-3.99)   5.00 (3.47-7.18)
  ≤30        2.54 (1.60-4.04)   4.27 (2.91-6.28)   2.68 (1.71-4.21)   3.03 (1.96-4.69)   3.25 (1.83-5.76)   4.40 (2.58-7.51)

*Note.* The following variables were included in the propensity score model: year of ACR, time from ACR to index date, sex (male referent), income quintile (lowest quintile referent), location (rural vs urban), and comorbidities at baseline (diabetes mellitus, hypertension, myocardial infarction, congestive heart failure, major hemorrhage, coronary artery disease, coronary revascularization, peripheral artery disease, peripheral vascular disease, and chronic obstructive pulmonary disease). Individuals with AF were greedy matched 1:1 without replacement to non-AF individuals on the logit of the propensity score (±0.05), eGFR and ACR category. *P* value for the eGFR/ACR level × AF interaction is .04. eGFR = estimated glomerular filtration rate; ACR = albumin-to-creatinine ratio; AF = atrial fibrillation.

Risk of Ischemic and Hemorrhagic Stroke by eGFR and ACR Level {#section36-2054358119892372}
-------------------------------------------------------------

Ischemic and hemorrhagic stroke were more common in patients with AF (event rate: ischemic/AF---11.04 \[95% CI: 8.91-13.42\], ischemic/no AF---6.93 \[95% CI: 5.17-9.04\], hemorrhagic/AF---2.93 \[95% CI: 1.95-4.21\], hemorrhagic/no AF---1.81 \[95% CI: 0.83-3.49\]) per 1000 person-years of follow-up. The proportion of ischemic strokes was higher with increasing ACR category (3.81% with ACR\< 3 mg/g to 5.98% with ACR \> 30 mg/g). A similar rise was observed with declining eGFR, albeit with the proportion being relatively similar from an eGFR ≤ 60 mL/min/1.73 m^2^. There were fewer hemorrhagic stroke events with no discernible difference in the crude risk by ACR or eGFR level among those with AF (AF ACR \< 3 mg/g---0.89%, AF ACR \> 30 mg/g---0.94%).

Discussion {#section37-2054358119892372}
==========

In this retrospective cohort of 39 120 matched patients, we found that the risk of stroke is associated with AF and that this risk differs significantly based on eGFR and ACR levels. The stroke risk was 4.4-fold higher with the combination of a low level of eGFR, an elevated ACR, and AF compared with those with normal kidney function and no AF. Even in the absence of AF, a low eGFR and a high ACR increased the stroke risk 3.3-fold compared with normal kidney function. We observed a remarkably consistent approximate 2-fold higher stroke risk with the presence of AF across most eGFR and ACR levels. One exception was among those with normal eGFR and high ACR, where the stroke was identical at 3.8-fold higher for those with and without AF. Consistent with previous studies, we observed a higher stroke risk among those without AF with lower eGFR and higher ACR levels.^[@bibr8-2054358119892372][@bibr9-2054358119892372]-[@bibr10-2054358119892372],[@bibr15-2054358119892372],[@bibr27-2054358119892372]^ Lastly, the higher stroke risk with AF was largely driven by ischemic stroke events with a little observed difference in hemorrhagic stroke types. Taken together, AF universally increases stroke risk in patients with CKD; however, the risk is modified considerably by eGFR and ACR.

Previous studies have examined the association of stroke, eGFR, and albuminuria with conflicting results. A meta-analysis of 21 studies conducted by Lee et al found that patients with CKD (defined as eGFR \< 60 mL/min/1.73 m^2^) had a 43% greater risk of stroke than patients with normal baseline eGFR.^[@bibr27-2054358119892372]^ Subgroup analyses by eGFR level (\>60, 40-60, \<40 mL/min/1.73 m^2^) demonstrated a dose-response relationship with an increased risk of stroke with worsening eGFR.

A post hoc analysis of ROCKET-AF reported that a reduction in eGFR of 10 mL/min/1.73 m^2^ was associated with a 12% increase in the adjusted stroke risk.^[@bibr15-2054358119892372]^ Fewer studies have compared the relative contributions of both eGFR and proteinuria on stroke risk. Go et al^[@bibr28-2054358119892372]^ examined 10 908 patients from the Anticoagulation and Risk Factors in Atrial Fibrillation (ATRIA) cohort reporting that both eGFR and proteinuria were independent risk factors for stroke in patients with AF. In contrast, Sandsmark et al^[@bibr29-2054358119892372]^ reported that proteinuria, but not eGFR, was independently associated with stroke in 3939 patients with CKD from the Chronic Renal Insufficiency Cohort (CRIC). In our study, we found that both eGFR and albuminuria were independently associated with stroke risk in patients with AF, but the risks differed. The adjusted stroke risk by eGFR increased but plateaued once the eGFR was below 60 mL/min/1.73 m^2^, whereas it continually increased in a dose-dependent manner with increasing ACR level. This is consistent with and extends the findings reported in CRIC to patients with AF and suggests that albuminuria, as opposed to eGFR, plays a more significant role in determining stroke risk in more advanced CKD. Our study differed from previous studies as our cohort was population based (as opposed to referred and under the care of a nephrologist in CRIC), we had a large number of events (1781 strokes) allowing for detection of risk among eGFR/ACR categories, we accounted for the competing risk of death, and we performed propensity score matching to reduce residual confounding. Our study unifies and advances results from the literature examining the association of eGFR, ACR, and stroke suggesting that CKD increases the risk of stroke; however, this risk is considerably different depending on eGFR and ACR levels.

We found a consistent higher stroke risk across all levels of eGFR and proteinuria, both with and without AF, consistent with previous literature.^[@bibr27-2054358119892372]^ Across eGFR levels, the stroke risk with AF was 2- to 3.8-fold higher than that without AF. For ACR, the risk was 2- to 3.2-fold higher with AF across the strata of ACR. Interestingly, the difference in relative risk of stroke with AF was attenuated across lower eGFR and higher ACR levels. For example, the presence of AF confers a 3.8-fold increase in stroke risk at eGFR \> 90 mL/min/1.73 m^2^, whereas it confers a 2-fold increase with eGFR \< 30 mL/min/1.73 m^2^. This difference in risk is likely attributable to the increase in baseline risk of stroke in the non-AF group and the additional higher competing risk of death among those with low eGFR. For example, the proportion of strokes with no AF increases from 1.01% with eGFR \> 90 mL/min/1.73 m^2^ to 2.78% with eGFR \< 30 mL/min/1.73 m^2^. This observation has potentially important clinical consequences as the lower incremental stroke risk attributable to AF at low levels of eGFR may mitigate the benefits of anticoagulation, a question warranting further investigation.

Most of the stroke events were ischemic (85%), as opposed to hemorrhagic strokes, and the crude proportion of ischemic strokes increased in a dose-dependent manner with lower eGFR and higher ACR. Despite creating our matched cohort from a large population (\>700 000 individuals), we were unable to determine the adjusted risk of hemorrhagic stroke by eGFR and ACR levels. Previous studies have reported an association between proteinuria and hemorrhagic stroke risk, a finding we were unable to confirm.^[@bibr29-2054358119892372],[@bibr30-2054358119892372]^

The role of anticoagulation in advanced CKD and AF for prevention of thromboembolism represents an area of uncertainty. At present, there are no randomized trials demonstrating a reduction in ischemic stroke risk with anticoagulation for CrCl \< 25 mL/min.^[@bibr31-2054358119892372][@bibr32-2054358119892372]-[@bibr33-2054358119892372]^ We previously reported the stroke risk for 1400 matched pairs of CKD (eGFR \< 45) patients with AF with and without warfarin anticoagulation.^[@bibr8-2054358119892372]^ We found no difference in ischemic stroke risk with baseline and time-varying warfarin use. Similar conflicting results have recently been reported in a primary care population of patients with advanced age in the United Kingdom.^[@bibr9-2054358119892372]^ Emerging evidence with direct oral anticoagulants (DOACs) seems to suggest a net clinical benefit in patients with lower eGFRs; however, definitive clinical trials remain pending.^[@bibr34-2054358119892372]^ As such, we did not include anticoagulation in this study.

Our study did have limitations. Certain categories had relatively few events (175 hemorrhagic strokes in total, \<80 strokes with eGFR \< 30 mL/min/1.73 m^2^). As our primary focus was the risk of AF in patients with CKD, we included all patients aged more than 40 in our cohort and did not have information regarding medications. Although we accounted for the competing risk of death in our models, we did not attempt to differentiate death due to stroke from other causes of death. This is due to unreliability in accurately determining the cause of death in administrative database studies.^[@bibr35-2054358119892372]^ We only used a single measure of eGFR and ACR to categorize kidney function. We excluded individuals with a previous stroke and attempted to capture incident stroke events and as such our stroke risk of 1.3% per year likely represents an underestimate of the true stroke risk. Misclassification of hemorrhagic transformations with ischemic strokes may have occurred.

In this large population-based cohort study, we found that both eGFR and ACR were associated with and modified the stroke risk in patients with CKD. Atrial fibrillation was consistently associated with a higher stroke risk across all eGFR and ACR levels. Furthermore, the risk is largely attributable to ischemic stroke events. Our findings aid in identifying individuals with a high stroke risk with CKD and underscore the importance of AF as an associated risk factor for stroke.

Supplemental Material {#section38-2054358119892372}
=====================
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